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(57) ABSTRACT 

In a solar battery cell, a plurality of silver electrodes are 
formed in a dot shape with a predetermined gap therebetween 
linearly along a rear Surface tab line. Pitches among the silver 
electrodes are set so as to be large in a central part of a silicon 
substrate and small at the ends of the silicon substrate. By 
arranging many silver electrodes at ends of the silicon Sub 
strate having a large stress, the rigidity at the ends is 
improved, and the warpage is decreased, thereby suppressing 
cell cracking. 
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SOLAR BATTERY CELL 

FIELD 

0001. The present invention relates to a solar battery cell 
that includes a lead bonded to an electrode to extract an 
electrical output, and can Suppress cell cracking after the lead 
is bonded. 

BACKGROUND 

0002. A lead made of a rectangular copper wire is bonded 
to the solar battery cell in order to extract an electrical output. 
The lead shrinks when it is cooled from a high-temperature 
state immediately after bonding to an ordinary temperature. 
The shrinkage of the lead causes warpage or local deforma 
tion of a Substrate, thereby causing cracking in the Solar 
battery cell. 
0003 Lead bonding electrodes that extend linearly are 
formed on a light receiving Surface (a front face) of a semi 
conductor Substrate constituting the Solar battery cell in order 
to bond the lead. On the other hand, lead bonding electrodes 
are formed in a dot shape (in a form like stepping Stones) on 
a rear Surface of the Substrate with a predetermined gap ther 
ebetween also to bond the lead. A portion other than the lead 
bonding electrodes formed in a dot shape on the rear Surface 
of the Substrate is made as an aluminum electrode across the 
substrate. 
0004. The lead bonding electrode can be continuously 
provided from one end to the other end of the semiconductor 
Substrate along the lead. However, because the strength of a 
boundary portion between the aluminum electrode and the 
lead bonding electrode is low, when cracking occurs at any 
part of the lead bonding electrode, the cracking spreads over 
the full length of the semiconductor substrate along the 
boundary. 
0005 To avoid this situation, conventionally, lead bonding 
electrodes have been formed in a dot shape (in a form like 
stepping Stones) with a predetermined gap therebetween as 
described above. With this configuration, even when cracking 
occurs at any part of the boundary portion, the cracking does 
not spread to adjacent lead bonding electrodes (see, for 
example, Patent Literature 1). 

CITATION LIST 

Patent Literature 

0006 Patent Literature 1: Specification of International 
Publication No. WO2009/019929 

SUMMARY 

Technical Problem 

0007 Generally, when a lead made of a rectangular copper 
wire is soldered, a stress is applied at the time of cooling due 
to the difference in linear expansion coefficients of the lead 
and the semiconductor Substrate. Specifically, the lead (cop 
per) has a larger shrinkage factor than that of the semicon 
ductor Substrate, and thus the lead applies a stress So as to 
reduce the gap between the lead bonding electrodes formed 
on the surface of the solar battery cell. A light-receiving 
Surface lead is connected to the light receiving Surface, and a 
rear surface lead is connected to the rear surface. Both of the 
leads apply a stress so as to shrink the Substrate surface. 
However, because the stress applied from the rear surface lead 
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largely affects the semiconductor Substrate, the semiconduc 
tor substrate warps so that the rear surface side becomes 
COCaV. 

0008. When thin plates having a different shrinkage factor 
are stuck together to form a flat plate, if one of the thin plates 
shrinks, the flat plate is warped toward the side of the other 
plate. The warpage thereof is gradually added from a central 
part to the end of the flat plate (for example, like a small piece 
of a heated squid), and the flat plate is curved most at the ends 
thereof. This is obvious from simulations and experiments 
performed by the present inventors that the warpage becomes 
largest at the ends of the semiconductor substrate. The 
warpage at the ends of the semiconductor Substrate causes 
cell cracking, and thus improvements therefor have been 
desired. 
0009. The present invention has been achieved to solve the 
problems mentioned above, and an object of the present 
invention is to provide a solar battery cell that can decrease 
excessive deformation generated at ends of a semiconductor 
Substrate to Suppress occurrence of cracking. 

Solution To Problem 

0010. A solar battery cell according to an aspect of the 
present invention includes: a light-receiving-Surface lead 
bonding electrode on a light receiving Surface of a semicon 
ductor Substrate that receives Sunlight to generate power, and 
rear-Surface lead bonding electrodes on a rear Surface of the 
semiconductor substrate, wherein in the solar battery cell, a 
light-receiving surface lead and a rear surface lead are con 
nected to the light-receiving-Surface lead bonding electrode 
and the rear-Surface lead bonding electrode, respectively, and 
generated power is extracted, and wherein the rear-Surface 
lead extends linearly on a rear Surface of the semiconductor 
Substrate, and a plurality of the rear-Surface lead bonding 
electrodes are formed in a dot shape with a predetermined gap 
therebetween linearly along the rear Surface lead, and pitches 
among the rear-Surface lead bonding electrodes are set so as 
to be large in a central part of the semiconductor Substrate and 
Small at ends of the semiconductor Substrate. 

Advantageous Effects of Invention 
0011. According to the solar battery cell of the present 
invention, the arrangement of the rear-surface lead bonding 
electrodes becomes dense at the ends of the semiconductor 
substrate to increase the rigidity of the substrate, thereby 
decreasing the warpage at the ends of the semiconductor 
Substrate. Accordingly, occurrence of cracking of the semi 
conductor Substrate is Suppressed. 

BRIEF DESCRIPTION OF DRAWINGS 

0012 FIG. 1 depicts a solar battery cell according to a first 
embodiment of the present invention as viewed from a rear 
Surface side. 
0013 FIG. 2 depicts the solar battery cell according to the 

first embodiment of the present invention as viewed from a 
light receiving Surface side. 
0014 FIG. 3 is a perspective view of a state where a 
plurality of Solar battery cells are sequentially connected by a 
light-receiving Surface lead and a rear Surface lead. 
0015 FIG. 4 is a perspective view of a state where solar 
battery arrays constituted by solar battery cells sequentially 
connected by the light-receiving Surface lead and the rear 
Surface lead are sealed in a solar battery module. 
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0016 FIG. 5 is an exploded perspective view of the solar 
battery module in FIG. 4. 
0017 FIG. 6 depicts a conventional solar battery cell as 
viewed from a rear Surface side shown for a comparison. 
0018 FIG. 7 depicts a solar battery cell according to a 
second embodiment of the present invention as viewed from 
a rear Surface side. 
0019 FIG. 8 depicts a solar battery cell according to a 
third embodiment of the present invention as viewed from a 
rear Surface side. 
0020 FIG. 9 depicts a solar battery cell according to a 
fourth embodiment of the present invention as viewed from a 
rear Surface side. 
0021 FIG. 10 is a graph of a change of pitches among 
silver electrodes according to the fourth embodiment of the 
present invention. 

DESCRIPTION OF EMBODIMENTS 

0022 Exemplary embodiments of a solar battery cell 
according to the present invention will be explained below in 
detail with reference to the accompanying drawings. In the 
following embodiments, there is explained an example in 
which a semiconductor Substrate is a silicon Substrate, a light 
receiving-Surface lead bonding electrode is a bus bar elec 
trode, a lead is a tab line, and a rear-Surface lead bonding 
electrode is a silver electrode. The present invention is not 
limited to the embodiments. 

First Embodiment 

0023 FIG. 1 depicts a solar battery cell according to a first 
embodiment of the present invention as viewed from a rear 
surface side. FIG. 2 depicts the solar battery cell according to 
the first embodiment of the present invention as viewed from 
a light receiving surface side. FIG. 3 is a perspective view of 
a state where a plurality of Solar battery cells are sequentially 
connected by a light-receiving Surface lead and a rear Surface 
lead. FIG. 4 is a perspective view of a state where solar battery 
arrays constituted by the Solar battery cells sequentially con 
nected by the light-receiving Surface lead and the rear Surface 
lead are sealed in a solar battery module. FIG.5 is an exploded 
perspective view of the solar battery module in FIG. 4. In the 
perspective views of FIGS. 3 to 5, the rear surface of the 
silicon substrate is directed upward so that the relation 
between the rear-surface lead bonding electrode and the rear 
Surface lead is clearly shown. 
0024. The solar battery cell according to the present 
embodiment includes a silicon Substrate (semiconductor Sub 
strate) 1 having a rectangular plate shape with one side being 
140 to 160 millimeters. A plurality of silver electrodes (rear 
surface lead bonding electrodes) 7 formed in a dot shape are 
provided in two rows on the rear surface of the silicon sub 
strate 1 with a predetermined gap therebetween. As shown in 
FIG. 1, the silver electrodes 7 in two rows are provided in a 
form like stepping Stones with a predetermine gap therebe 
tween on straight lines opposite to bus bar electrodes 3, which 
are described later. A rear-surface tab line (rear surface lead) 
8 is bonded to an upper surface of the silver electrodes 7 
substantially over the entire length of the row. The width of 
the rear-surface tab line 8 is smaller than that of the silver 
electrode 7. A characteristic of the present embodiment is 
pitches of the silver electrodes 7 provided in a form like 
stepping Stones, and details thereof are described later. The 
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rear-Surface tab line 8 is a solder-plated rectangular copper 
wire generally used as a lead for a Solar battery. 
0025. As shown in FIG. 2, a plurality of thin grid elec 
trodes 2 that collect power from the entire surface of a cell 
while ensuring a light receiving area as much as possible are 
arranged on the light receiving Surface of the silicon Substrate 
1, substantially over the full width of the silicon substrate 1 
and parallel to each other. Two bus bar electrodes (light 
receiving-Surface lead bonding electrodes) 3 are provided 
linearly and substantially over the full length of the silicon 
Substrate 1, while Substantially orthogonally intersecting 
with the grid electrodes 2. Furthermore, a light-receiving 
surface tab line (light-receiving surface lead) 5 is bonded on 
an upper surface of the bus bar electrode 3 substantially over 
the full length thereof. The width of the light-receiving-sur 
face tab line 5 is the same as or slightly smaller than that of the 
bus bar electrode 3. The light-receiving-surface tab line 5 
includes an extended portion 5a protruding outward from the 
surface of the cell for serially connecting the silicon sub 
strates 1 to each other. The light-receiving-surface tab line 5 is 
a solder-plated rectangular copper wire generally used as a 
lead for a solar battery. In the present embodiment, the light 
receiving-surface tab line 5 and the rear-surface tab line 8 are 
described as separate members that are connected to each 
other on the rear surface of the silicon substrate 1. Alterna 
tively, the light-receiving-surface tab line 5 and the rear 
surface tab line 8 can be one continuous tab line (lead). 
0026. As shown in FIG.3, the silicon substrates 1 arranged 
in parallel are serially connected by electrically connecting 
the extended portion 5a of the light-receiving-surface tab line 
5 extending from the light receiving surface side toward the 
rear surface side of an adjacent silicon substrate 1 with the 
rear-surface tab line 8 of the adjacent silicon substrate 1 on the 
rear Surface side of the adjacent silicon Substrate 1 sequen 
tially. With this arrangement, a predetermined number of the 
silicon Substrates 1 are connected to produce a solar battery 
array 17 (FIG. 5). 
0027. As shown in FIGS. 4 and 5, a layered body consti 
tuting relevant parts of a solar battery module 50 is formed by 
having a translucent Substrate 11 made of a transparent mate 
rial Such as glass, a light-receiving-Surface sealing material 
(first resin layer) 12 made of a transparent resin, the Solar 
battery array 17 in which a plurality of the silicon substrates 
1 arranged in a grid and the leads 5 and 8that serially connect 
these silicon Substrates 1 are arranged, a rear-Surface sealing 
material (second resin layer) 15 made of a transparent resin, 
and a back sheet 16 having excellent weather resistance 
stacked in this order from the light receiving surface side. The 
light-receiving-Surface sealing material 12 and the rear-Sur 
face sealing material 15 are integrated by heat treatment to 
seal the solar battery array 17 by a resin, thereby forming a 
resin-sealed layer. An outer peripheral edge of the layered 
body having Such a configuration is covered with a frame (not 
shown) over the whole circumference, thereby producing the 
solar battery module 50. 
0028 Referring back to FIG. 1, as described above, eight 
silver electrodes 7 are linearly formed in a dot shape with a 
predetermined gap therebetween along the rear-surface tab 
line 8 on the rear surface of the silicon substrate 1. The silver 
electrode 7 provided at an end is formed such that a central 
position thereof is away from the end of the silicon substrate 
1 by equal to or more than 4 millimeters. As a characteristic of 
the present embodiment, pitches among the silver electrodes 
7 are set so as to be large in the central part of the silicon 
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substrate 1 and small at the ends of the silicon substrate 1. 
That is, the arrangement of the silver electrodes 7 becomes 
dense in portions of the silicon substrate 1, which are circled 
by broken lines in FIG.1. A portion of the silicon substrate 1 
on which the silver electrode 7 is present has a rigidity higher 
than that of a portion on which the silver electrode 7 is not 
present. Therefore, the warpage of the silicon substrate 1 is 
Suppressed when the same stress is applied thereon. 
0029. Furthermore, the relation of the pitches among the 
silver electrodes 7 is represented as A=C-B, and as A:B-2:1, 
when the pitch in the central part of the silicon substrate 1 is 
designated as A, the pitch at the ends of the silicon Substrate 
1 is designated as B, and the pitch in an intermediate part 
between the central part and the ends of the silicon substrate 
1 is designated as C. 
0030 FIG. 6 depicts a conventional solar battery cell as 
viewed from a rear Surface side shown for a comparison. As 
shown in FIG. 6, the pitches among silver electrodes 57 in the 
conventional Solar battery cell are set to equal intervals. 
Therefore, the silicon substrate 1 warps due to the difference 
in linear expansion coefficients of the silicon Substrate 1 and 
the rear-surface tab line 8, and the warpage of the silicon 
Substrate 1 causes cell cracking in the silicon Substrate 1. 
0031. The solar battery cell according to the present 
embodiment includes the bus bar electrodes 3 on the light 
receiving Surface of the silicon Substrate 1 that receives Sun 
light to generate power, and the silver electrodes 7 on the rear 
Surface thereof, from which power generated by connecting 
the light-receiving-surface tab line 5 and the rear-surface tab 
line 8 respectively to the bus bar electrodes 3 and the silver 
electrodes 7 is extracted. The rear-surface tab line 8 extends 
linearly on the rear surface of the silicon substrate 1. A plu 
rality of the silver electrodes 7 are formed in a dot shape with 
a predetermined gap therebetween linearly along the rear 
surface tab line 8, and pitches among the silver electrodes 7 
are set So as to be large in a central part of the silicon Substrate 
1 and small at the ends of the silicon substrate 1. Therefore, 
the arrangement of the silver electrodes 7 becomes dense at 
the ends of the silicon substrate 1 to increase the rigidity of the 
Substrate, thereby decreasing the warpage at the ends of the 
silicon Substrate 1. With this configuration, cell cracking in 
the silicon Substrate 1 is Suppressed. 
0032. The relation of the pitches among the silver elec 
trodes 7 is represented as A=C-B, and as A:B-2:1, when the 
pitch in the central part of the silicon Substrate 1 is designated 
as A, the pitch at the ends of the silicon Substrate 1 is desig 
nated as B, and the pitch in the intermediate part between the 
central part and the ends of the silicon Substrate 1 is desig 
nated as C. Therefore, considerations of the arrangement of 
the silver electrodes 7 are facilitated and the production 
thereof is also facilitated. 
0033. The relation of the pitches among the silver elec 
trodes 7 according to the present embodiment is represented 
as A=CDB, when the pitch in the central part of the silicon 
Substrate 1 is designated as A, the pitch at the opposite ends of 
the silicon substrate 1 is designated as B, and the pitch in the 
intermediate part between the central part and the ends of the 
silicon Substrate 1 is designated as C. However, the same 
effect can be achieved even when the relation of the pitches is 
represented as A2CDB. 

EXAMPLE 

0034. The present inventors have confirmed the effect of 
the present embodiment by simulations and experiments. The 
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magnitude of warpage generated at the ends of a silicon 
Substrate was observed by using a silicon Substrate on which 
silver electrodes were arranged as in a conventional manner 
as shown in FIG. 6, and a silicon substrate on which silver 
electrodes were arranged as in the present embodiment, both 
having a thickness from 160 to 200 micrometers. 
0035. When the magnitude of the warpage in the conven 
tional technique is assumed to be 100%, in a silicon substrate 
having a thickness of 180 micrometers and that having a 
thickness of 200 micrometers, the magnitude of the warpage 
were 96% and 95%, respectively, and thus the effect of Sup 
pressing the warpage was not so large. In contrast, in a silicon 
Substrate having a thickness of 160 micrometers, the magni 
tude of the warpage was 86%, which was a considerable 
decrease. 
0036) Deformation amount (deformation amount in con 
ventional technique is assumed to be 100%) 
0037. Thickness of 160 micrometers: 86% Thickness of 
180 micrometers: 96% 
0038. Thickness of 200 micrometers: 95% 
0039. From the above results, it has become obvious that 
the present embodiment has an effect of Suppressing the 
warpage in the silicon Substrate having a thickness equal to or 
less than 200 micrometers, and particularly it has become 
obvious that the present embodiment is more effective in the 
silicon Substrate having a thickness equal to or less than 160 
micrometers. 
0040. In the present embodiment, eight silver electrodes 7 
are linearly formed in a dot shape with a predetermined gap 
therebetween. However, the number of silver electrodes is not 
limited to eight, and the configuration of the present embodi 
ment can be applied to a silicon Substrate on which equal to or 
more than four silver electrodes 7 are formed in a dot shape. 
0041 Furthermore, in the present embodiment, two light 
receiving-surface tab lines 5 and two rear-surface tab lines 8 
are provided. However, the configuration of the present 
embodiment can be also applied to a case where equal to or 
three or more light-receiving-surface tab lines 5 and rear 
surface tab lines 8 are provided. 

Second Embodiment 

0042 FIG. 7 depicts a solar battery cell according to a 
second embodiment of the present invention as viewed from 
a rear Surface side. In the present embodiment, seven silver 
electrodes 27 are provided in one row. A plurality of silver 
electrodes 27 are linearly formed in a dot shape with a pre 
determined gap therebetween along the rear-surface tab line 
8, similarly to that of the first embodiment. The pitches 
among the silver electrodes 27 are set so as to be large in the 
central part of the silicon substrate 1 and small at the ends of 
the silicon substrate 1. Therefore, the arrangement of the 
silver electrodes 27 becomes dense at the ends of the silicon 
substrate 1 to increase the rigidity of the substrate, thereby 
decreasing the warpage at the ends of the silicon Substrate 1. 
With this configuration, cell cracking in the silicon Substrate 
1 is Suppressed. As is obvious from the comparison with the 
silver electrodes 57 of the conventional solar battery cell 
shown in FIG. 6, the number of silver electrodes is not 
increased. Therefore, the cost does not increase as compared 
to conventional solar battery cells. 

Third Embodiment 

0043 FIG. 8 depicts a solar battery cell according to a 
third embodiment of the present invention as viewed from a 
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rear surface side. In the present embodiment, silver electrodes 
37 in a small pitch are provided at the ends of the silicon 
Substrate 1 continuously for two pitches. By having Such a 
configuration, the arrangement of the silver electrodes 37 
becomes denser at the ends of the silicon substrate 1 so as to 
increase the rigidity of the substrate further, thereby further 
decreasing the warpage at the ends of the silicon Substrate 1. 

Fourth Embodiment 

0044 FIG. 9 depicts a solar battery cell according to a 
fourth embodiment of the present invention as viewed from a 
rear Surface side. FIG. 10 is a graph of a change in the pitches 
among silver electrodes according to the present embodi 
ment. In FIG. 10, the size of the pitch is plotted on the vertical 
axis, and the distance from the center to the end along a 
rear-surface tab line is plotted on the horizontal axis. As 
shown in FIGS. 9 and 10, the pitches of silver electrodes 47 
according to the present embodiment are largest in the central 
part of the silicon Substrate 1, gradually decrease toward the 
ends, and become Smallest at the ends of the silicon Substrate 
1. 
0045. The warpage of the silicon substrate 1 generated due 

to the difference in the linear expansion coefficients of the 
silicon substrate 1 and the rear-surface tab line 8 is smallest in 
the central part and is largest at the ends. Therefore, the 
arrangement of the silver electrodes 47 is set in the manner 
described above, so that the rigidity in the central part of the 
silicon substrate 1 becomes relatively small and the rigidity at 
the ends of the silicon substrate 1 becomes relatively large, 
thereby enabling to suppress the warpage generated in the 
silicon substrate 1 efficiently. 

INDUSTRIAL APPLICABILITY 

0046. As described above, the solar battery cell according 
to the present invention is preferably applied to a solar battery 
cell including a light-receiving-Surface lead bonding elec 
trodes on a light receiving Surface and a rear-surface lead 
bonding electrodes on the rear Surface, and is particularly 
suitable to be applied to a solar battery cell in which rear 
Surface lead bonding electrodes are formed in a dot shape 
with a predetermined gap therebetween. 

REFERENCE SIGNS LIST 

10047 1 SILICON SUBSTRATE (SEMICONDUCTOR 
SUBSTRATE) 
0048 2 GRID ELECTRODE 
0049) 3 BUS BAR ELECTRODE (LIGHT-RECEIVING 
SURFACE LEAD BONDINGELECTRODE) 
0050 5 LIGHT-RECEIVING-SURFACE TAB LINE 
(LIGHT-RECEIVING SURFACE LEAD) 
0051 5a EXTENDED PORTION 
0052 7, 27, 37,47 SILVERELECTRODE (REAR-SUR 
FACE LEAD BONDING ELECTRODE) 
0053 8 REAR-SURFACE TABLINE(REAR SURFACE 
LEAD) 
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0054) 11 TRANSLUCENT SUBSTRATE 
0.055 12 LIGHT-RECEIVING-SURFACE SEALING 
MATERIAL 
0056 13 SOLAR BATTERY CELL 
0057 15 REAR-SURFACE SEALING MATERIAL 
0.058 16 BACK SHEET 
0059 50 SOLAR BATTERY MODULE 

1. A Solar battery cell comprising: 
a light-receiving-Surface lead bonding electrode on a light 

receiving Surface of a semiconductor Substrate that 
receives Sunlight to generate power, and 

rear-surface lead bonding electrodes on a rear Surface of 
the semiconductor Substrate, wherein 

in the Solar battery cell, a light-receiving Surface lead and a 
rear Surface lead are connected to the light-receiving 
Surface lead bonding electrode and the rear-surface lead 
bonding electrode, respectively, and generated power is 
extracted, and wherein 

the rear-Surface lead extends linearly on a rear Surface of 
the semiconductor Substrate, and 

a plurality of the rear-surface lead bonding electrodes are 
formed in a dot shape with a predetermined gap therebe 
tween linearly along the rear Surface lead, and pitches 
among the rear-surface lead bonding electrodes are set 
So as to be large in a central part of the semiconductor 
Substrate and Small at ends of the semiconductor Sub 
Strate. 

2. The solar battery cell according to claim 1, wherein a 
relation of pitches among the rear-Surface lead bonding elec 
trodes is represented as A2CDB, when a pitch in the central 
part of the semiconductor Substrate is designated as A, a pitch 
at the ends of the semiconductor Substrate is designated as B. 
and a pitch in an intermediate part between the central part 
and the ends of the semiconductor Substrate is designated as 
C. 

3. The solar battery cell according to claim 2, wherein the 
relation of the pitches among the rear-Surface lead bonding 
electrodes is represented as A=C, and as A:B=2:1. 

4. The solar battery cell according to claim 2, wherein the 
rear-Surface lead bonding electrodes at a small pitch are pro 
vided at ends of the semiconductor substrate continuously for 
a plurality of pitches. 

5. The solar battery cell according to claim 1, wherein the 
pitches among the rear-Surface lead bonding electrodes are 
largest in the central part of the semiconductor Substrate, 
gradually decrease towards the ends, and become Smallest at 
the ends of the semiconductor substrate. 

6. The solar battery cell according to claim 1, wherein a 
thickness of the semiconductor Substrate is equal to or less 
than 200 micrometers. 

7. The solar battery cell according to claim 6, wherein a 
thickness of the semiconductor Substrate is equal to or less 
than 160 micrometers. 
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